Amyotrophic lateral sclerosis (ALS) with demyelinating polyneuropathy is a rare condition. We describe two ALS patients with demyelinating neuropathy. Immunomodulatory therapies brought slight symptomatic benefits to the patients, but the treatments could not halt the progression of ALS. Chance coincidence of the two diseases is unlikely in view of the low prevalence. ALS, mainly consisting of progressive axonal degeneration, might show temporal demyelinating features of peripheral nerves both electrophysiologically and pathologically. The pathomechanism for the demyelination in ALS remains to be elucidated.
Introduction
Amyotrophic lateral sclerosis (ALS) with demyelinating polyneuropathy like chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) has been rarely reported (1-3). Here we describe two ALS patients with demyelinating neuropathy and demonstrate that immunomodulatory therapies are temporally beneficial for neuropathy but not for ALS.
Case Reports

Case 1
A 45-year-old Japanese right-handed man noticed numbness and then weakness and muscle atrophy in his left hand. He had no remarkable past medical history except for hypertension. When he was referred to our hospital, his cranial nerves were normal except for mild dysarthria and manual muscle testing (MMT) revealed severe weakness of the intrinsic muscles in the left hand. Hyperreflexia was observed in the left biceps and triceps muscles, but other tendon reflexes were normal. Touch and pain sensations were mildly reduced in the distal portion of the left arm. The result of electrodiagnostic studies is shown in Table 1 (patient 1) . Partial motor conduction blocks were detected outside nerve compression sites in the right ulnar nerve. Abnormal temporal dispersions were detected in the bilateral median and ulnar nerves. Needle electromyographic (EMG) examinations showed denervation and chronic neurogenic changes not only in the muscle of left upper limb but also in muscles of the tongue and all other limbs. Blood studies were normal. Anti-GM1 antibodies were not detected. Cerebrospinal fluid (CSF) was normal. No abnormalities were seen in the magnetic resonance imaging (MRI) of the brain and cervical spinal cord. Left sural nerve biopsy revealed marked onionbulb formation and scattered thin-myelinated fibers (Fig. 1a) . His clinical presentations suggested ALS but nerve conduction studies and nerve biopsy findings indicated demyelinating neuropathy. His electrophysiological findings met with the electrophysiological criteria of "definite" cate- gory for CIDP (European Federation of Neurological Societies/Peripheral Nerve Society (EFNS/PNS) criteria), for abnormal temporal dispersions were detected in more than two nerves (4). Intravenous immunoglobulin (IVIg) was given and hypesthesia in the left hand improved but weakness progressed. In the following 10 months, weakness and muscle atrophy developed in all limbs and bulbar palsy and respiratory failure appeared. Tendon reflexes were brisk in all limbs. Fasciculation was observed in tongue and four limb muscles. The second course of IVIg, oral prednisolone, and 10 plasma exchanges were without benefits. He was diagnosed with "clinically definite" ALS according to the revised El Escorial criteria (5) . Four years after the onset he became bedridden and had to be artificially-ventilated.
Case 2
A 68-year-old Japanese right-handed man was admitted with a 7-month history of progressive weakness and muscle atrophy of limbs. He first noticed weakness in the left leg and then in the right arm. Six months after the onset, he developed pneumonia. He had a history of hypertension, diabetes mellitus and hypercholesterolemia. When he was referred to us, he was bedridden with dyspnea and quadriplegia. Cranial nerves were normal. MMT revealed proximally dominant symmetrical weakness and muscle atrophy of four limbs. Fasciculation was seen in the four limb muscles. Tendon reflexes were brisk in the left biceps brachii and both quadriceps femoris, but reduced in the right biceps brachii, absent in both triceps brachii and Achilles' tendons. Sensations were normal in all modalities. The results of electrodiagnostic studies are shown in Table 1 (patient 2) . Negative phase durations of ulnar compound muscle action potentials by proximal stimulation were prolonged to more than 20 ms while those by distal stimulation were 5 to 6 ms in both sides. Inching stimulation techniques of forearm ulnar nerves revealed multifocal waveform changes indicating primary multifocal demyelination in both sides (Fig. 2) . Needle EMG examinations suggested chronic neurogenic changes in the four limb muscles without signs of active denervation. Blood studies were normal except reduced Na + level (122 mEq/L), elevated C-reactive protein (9.6 mg/dL) and white blood cell count (17,500/mm 3 ), elevated HbA1c (6.1%) and total cholesterol (240 mg/dL). Anti-GM1 antibodies and anti-GalNac-GD1a antibodies were negative. CSF examination revealed elevated protein level of 89 mg/dL, without pleocytosis. Brain and cervical spine MRI showed no remarkable abnormalities. Right sural nerve biopsy showed slightly reduced number of large myelinated fibers with many thinly myelinated fibers, suggesting demyelination (Fig. 1b) . His symptoms met the diagnostic criteria of "clinically definite" ALS (5). He was also diagnosed as "definite" CIDP according to the EFNS/PNS criteria, because abnormal temporal dispersions were detected in two nerves (4) . A course of IVIg was given and followed by oral prednisolone administration. One month after the treatment, muscle strength improved so that he could walk with a cane and he was discharged. However, two months later he had restrictive ventilatory failure and was hospitalized again. His muscle weakness and atrophy progressed and he was bedridden. The second course of IVIg and two plasma exchanges were without effect. The patient suddenly died during plasma exchange. Autopsy revealed the cause of death to be acute myocardial infarction. Neuropathologic examinations demonstrated that there were multiple foci of loss of large myelinated fibers in the anterior and posterior nerve roots of the thoracic and lumbar cord, suggesting CIDP-like demyelinating neuropathy. On the other hand, neurons were lost with gliosis in the spinal anterior horn. Degeneration was observed in the bilateral corticospinal tract. Bunina bodies and TDP-43-immmunoreactive skein-like inclusions were seen in the anterior horn cells (Fig. 1c, d ). These pathological findings indicate ALS with demyelinating radiculopathy.
Discussion
Here, we describe two patients with ALS. From clinical, electrophysiological and pathological findings we believe that they had demyelinating neuropathy. Minor symptomatic relief was obtained by IVIg, however ALS became advanced and both patients ended up with a poor prognosis.
It might be discussed as to whether they really had demyelinating neuropathy? It has been shown that in wasted muscles electrophysiological abnormalities such as slightly decreased motor nerve conduction velocities and partial conduction block-like reduction of compound muscle action potentials can be seen with ALS (6, 7). These abnormalities may be detected with axonal losses. It is also reported that sensory axonal neuropathy could occur with ALS. Sensory nerve action potentials amplitude and sensory nerve conduction velocities can be decreased with ALS (8) (9) (10) . Thus the electrophysiological findings of the present two patients might not be convincing enough to confirm the existence of demyelinating neuropathy. In patient 1 marked onion bulb formations were detected with sural nerve biopsy, which we believe to be the evidence of demyelinating and remyelinating processes in his peripheral nerves. In patient 2 demyelination in the anterior and posterior nerve roots could be secondary de-remyelination following progressive axonal atrophy. However, the waveform changes in inching stimulation techniques of bilateral ulnar nerves seemed to be rather multifocal than continuous, suggesting demyelination that was not only due to axonal degeneration. Moreover, patient 2 was bedridden on his first admission to our hospital, and presented temporal but substantial improvement in his muscle strength up to being able to walk with a cane after IVIg treatment, which indicates the coexistence of treatable or at least remittable neuropathy and ALS. From these findings, we concluded that both of the patients had demyelinating neuropathy associated with ALS.
It is less likely that they had inherited neuropathies such as Charcot-Marie-Tooth disease because they presented with temporal dispersion and multifocal conduction blocks (11) . Furthermore, the response to immunomodulatory therapies, though they were limited, supported remittable neuropathies.
The next question to consider is whether these two patients had ALS and CIDP coincidentally? The prevalence of ALS in Japan is 6.7 for every 100,000 people (12) . On the other hand, the prevalence of CIDP is 1.61 for every 100,000 people (13) . Accordingly, chance coincidence of ALS and CIDP would be 10.8 for every 10 billion people. We have encountered two patients with ALS and demyelinating neuropathy in the past 10 years. Since the population of our medical district is approximately one million, chance coincidence seems less likely.
To date only ten patients with ALS and demyelinating polyneuropathy have been reported (1-3). Immunomodulatory therapies were slightly efficacious in three of the ten patients, as in the current patients (1-3), however all of the patients had a poor prognosis. The interval from disease onset to respiratory failure or death in the present two patients and the ten previously reported patients was similar to that of patients with classic ALS. Motor neuron degeneration and treatable demyelinating neuropathy must have quite a different pathogenesis. At this moment we can not conclude that the present two patients had "primary" and "treatable" demyelinating neuropathy like CIDP, because there is no valid explanation of the pathomechanism of their coexistence. However, at least we can say that our two patients had remittable demyelination in their peripheral nerves.
Thus, ALS with demyelinating neuropathy is present in limited numbers. Although immunomodulatory therapy available at the moment may be temporally beneficial for the neuropathy, unfortunately it does not decrease the progression of ALS.
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